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Abstract, stocktile Nrslcwater constutcd of fercls tnclal, nunSane\B setal and toral suspended
"oli"'l\Sr lnadd.t,on,.".o1"rr'Sna.d'D'fl 'qoi-hh 
p.$o\ Mr'lu in1Pcn\Lo'o11
.b-n-ch. rdo"iurrnn 'c.hrqrc 
unns n'mrn r, "'o l! v ih ro;r'o1 'clft'r\crncldo.'o!i$-ne. ne thenor.ilr''rcloro '.n.' re'lJci !rtnou',,J nd"re- or'erndim'is,' oe-;..Lro' or r 2.. \ 
'n 
o0 m'or(. rrr' rn ) n 'd ^B dd n.ner". ca reJurr'onwd 93.?% and 99 6%. r especri vuly The inal conccnhtion of fenous add mngancsc mota l Na\
0.03 mg/L and 0 0l re& tospectircly. OPiinun concetrration ol TSS rcduction $as 83 ?% with
ihc firal concdlrfiion ol72 ngL. Thc wN.watc. tH tduc becanc 7,1. Ii.dlv. lltc rcsulis
de'nonslraled thar lho cbcnocoagnlrtion pocc$ using rluminiun clcclrode is a rcli.ble leohniquc
lor reDovri of pollututs liod coal stockDile tr$ewaror'
coal slockpile causcs r.vcrc cnlimnmental pioblems due to generarnrn ol sl6nc \EsteNarer
asociated silh higi toial suspended *tid lTsS) rnd nrebl conrents Washin! c@l in tne srookpilc
by rai. sill result m acidic wastewaler lhar can hen lnc cnvimmcnr I I ]. One .f the pollurads thai
arc on n foud jn aqualic ctrvircnmenls is r heavt $erdl. Heiq In€hls sucb as femDs (Ic) dd
d'ngancsc (Md) lvhed exceed thc rhr.rhcd rcvc,s,.,n bc dtnacr.nd bsome a toxic. Tr!s, they
sill inl ucncc aqlalic orgtnisms, as well s huinan usc6, dnccdy onndinctly
ln rhe Ecent ycds. invcsliSalions bave been locEed m ihc tuatnenl of wstsalers Lsidg
clectocoaSulation J I ll. Elccrocdqulalion h N .lectochemicd metod for aeeing pollured wate.
which has heen smc€siirlly applied not only for kahml ol soluble or colloidal pollubnis, sncl ts
sl shrcrhousc waslcwater [2], vesclablc oi! retn.ry Fl, ddry industiy wa{satu l4l,
wasteNarers condinins hola melals lJJ, but aho tloride and humic acid mroul J6l.
Electocoasulltion i.volvcs rhe soeralior of coagul,nls i0 silu by dn$nving clcctically eilher
aluminium or non clolrodcs. rcspectively Tlre neht ions generation hkes phcc rlE node and
hydiogen gas is ftlcascd liDm the cathode The hydrosen gas would also help lo flD0t tte
noc laled paniclds 6nl of th€ wate. The clcclrodcs can !c aBanscd in d no.opolar or bipolrr
node. The mrreials cm bc aluniniun o. non in plarc tbn o. packed fom of*rals suoh as stecl
An examination ofthc chenical redclions dccufting in drc clcclro.oagularion process shows that
lhe nain rcacrioB occuirire d the eldctodcs (alunidun el€ctrodet are
Anode : al + All 1",) + 3e {t)
Calhode:3H?o+ 3e + l/2H:+ lotl
Thc c.thode oay also he c[mically ar{ackcd by OH ions geneRted dunng ii, evolulion at hirh pH
f3l: 2Al + 6rlro + 2oH + 2A(OE)c I 3H? 12)
lhis resench obiodivss scic lo rcduc. femE and rng.nese nd.l in.oal n*kpilc
'$rclarer Nine eleclroqoaculalion 
echnique using 3lun,inm elcctlod€ with vonalion ir
eledrics cuneni and procesing linc.
Technolosies of M€ch.nical Ensine.inq lndGtry
'nrc war-varcr u:cd in rhis st dy \vas rsrm rr.n d'c nockpilc Mrm. Tcl.ig Sourh Su aln,
lndoNsi! Tri! cflueni inirially conhined hish concenhiions ofia ous aM mmsmtrc mehh,
and toral suspended elids. ln Ihis srudy, Ml cool srockpil. sdr.!.rer hs becn te.rcd usnrg
aluminiun clenodF h ! haicb Eador T]lis sudy elucidrtes rhe efecs ol pemder $ch a
oDDlied cu enr md pnce$ rimc on rhc tendN aid mangnncsc melak r.movdl cflilicnclcs.
,4l!hi ' rlcclodcs uscd scE ? cn x 6.7 cm x I cm in si?c 
(|ie l) l he volumc orthe soluiion
L. Aner el*roco4ul.ridn rub lillcd *irh l6re. lhe cmenr is luhcd on to
using12V.dapterT11..uiieltlariesr'on+l5ior25Awnhpr@e$irsti'nesweE60l20
m inuts As rhe e lectoc oagu larion ided. rhc depos ired scd imcnr fi treRd ou r ol fDm thc rcsulrr.
chaacieiiicseluctos.luldion pboc$ is dclcmii.d by nc4suri.srhc l.vcholFc, Mn. pH, rd
TSS inc\ . n 'n& Ukcrcd
Fi! l. Expcrin'ctrl.l {up orclccro.o.sularion urn
ch,mch.i*ics or co,r dmkpir. ,sbsd.nTh. rcn,rrs ot bsotinc charicrdrisrics of
unncwircr p!i.r ro lhc prcc$ingaEtEsctrrcd ir Tahlc L
Table 1 Inirial.nallsisolcoal iockpilc*arewar.r
Reslltanalysis srandard quahy .oa I qNrclalca
"s.\k suqda! (;d.nq Rlglqlb. N, 3qf,al, |91
CotrefftrionsofFc and Mn ir coal$ookpile ssrsrarer r.kcn from ihe Mue lelans did nor
oxcucd rh ! landard qua liry ol ce I *aic*are. x is Jue to sevenl rscro6, such 6, lhc influcnccof
c\{le ru r..D( sd 
'c 'ciJLn(q 
rm.
u\:on on re dndv- . o\-Len rhrr'.oF.r
c.llo idal panicle! dnri.g e le4ft.agn lar ion poc6s { il l tlsnabilized nc forminE l eer foc The
lomation olllr ed r $e cathode causes shinkins flm. rsuhtng in th. &.umul.rion olno.,
conraiiingg6ar lhc surfa.c of rhc 
'abr 
nt ftu fom ola laysrolsldse lr0l.
u..ion n.irr cont rt-Tl'c clcdlric.l c!ftd ciues rhc diy
solurion of metal electudes into ranewrre. whic n usuall) non &nd altrninium ftc dnsob.d
mebl ions,.r an lpDopri.rc pH, can lonn widc i gs oa.o.gtrlared spaier rnd mdal hydrcxides
de$abilte d asclegab rhe snsp€nded pdicles and adsod dissolved comanin$$ pl.
31
'l hc cffcd of vnriig electiul cnrenr and proccsine linc on clsdrocoagutarion po.cs ot tud
coal $ockpile ranncd $qcddemined. lne supply or cuftn! ro rhe ckohcoagutrion sy$cm
at 
'nn 
(te6'd Lu '.. \.Drt-\. 
. ..,fd(. ,L 
'hr 
ridrr\ o
Il,.,.no,L\r .on.!r'd'.vt.ed ,n t.,ot, n./1.o , qc l,.!tr.n
eLectical .uftnt noi only dercrmircs rhc co{grlanrs dosase mre but also rhc bubble p.oduciion ntc
.nd size rnd rhe lss groslh vhich w io|,qE th rclhcm cltjciency ol rhe e tcch.oagular ion
Fig?illuiftrc$c.ffecrofprocessingrineondrmcht.o.renh.Redudionotrcr.usncrnt
*as achicvcd !i1& 90 
'nin0rcs 
ctc.rn&aeutarion for 2.5 A. rt n ctctu rh.r b] tncE6inc pce$i,r!
{ime. rhe meialco,cenraiion hns de erscd rionr 6.:14ro 0.03 ms/L. tn cufieis io + 2.5 A lnh
procssingrinc I05 and lz0ninurshrd p6sed lre concenrairoD valuos Thisoccun 6tcause rhe
sarumled electrodes were used Alumi'Dn clcctrod.s hrve &en reduccd abitii! r. a(aor Fc ions in
2.5 A. Ar iie prccesins iine ot 105 hinuies and t20 ninurs.
nr enrir snrlsc orrhc cl.crodc was $!c.d by Fc iom. Ihe impacl of thcsc condiliois ted ro a
decline in the macndic lield mqnitodc whcn .n. m.gocri. field berween the etccrodcs is l.rge
emugh. rl'e sysren ordosji.nr lonic herak compete to nick ro (hc.Jcdrode. tlowcvs, die
oiid{rion ar rho dods is $i1l high. even ilrhe sorution apDetus ro 6e more tudid. Mosl orrh.
torbidiiy caurd 6! no. Al{OLDrwhich liMllyse les.
Applied i/techani.s.nd M.brials Vot, 391
ri!2.Ifrecr olprccesinsri'nc lor eJudion meral cotrleis
Ar .hc rimc of pro.*rins wdrewfte. lsing elecrdoagulaiior ncdjod. proce$ins (ime ot60
minutes rvill rcsulr in llh rsal conrcnr grarer rhs theproccsi'erineot 120 nriitri$. sinit t,
the 6e of .uftn6+ 1.5 A. Mn n,eralsrc&rdions srcarer rhan the usc olcunenb 12 0 A, whitc
rhc usc of shne cufti$ ! 2 0   grearer rhai thc usc of rhc concenr,rion of+ 2 5  . thir js
bcoaftc rhc procesins nnE snd rhe slion! elecric cnneir tr{d wittrffecr rheatuminun stecrode
to de$bjri7! porlur.nrs in *ane*rrer.
lhe b€n resuhs in d.crascd con.c ririoN of Mn mdat is in cunenb np lo + 2.5 a md
procsing tine is 90 ninures. l his oscuf bccatr* rhc sdunied ehcdodes were used Alumi'rn
.hcrodN hN been reducedablilyloa ncr Mn ions in rhc.0nrcnr arrhe sonScurenB+2.5 A
mdrhe pb.c$inelinc otl05 minufts. Ar t?0 frind*, rhe enrire ctcdodc surasce k cokEd br
Efiecl oa ptucasing timc ro. pll ib.Eaie.Ir is shown in Fig.3 rbd rhepH in cod slockpitc
$ase*arer is I53 rtrd jt is qirhin rhe mee or sbndrrns ofcoal wrste*4er cn0enr 6.9 pH l9l.
Thc pH incEded mpidry until ptl re&hed 6 and then rcn{nrd .on r This k bc.aus rhe
aluminun clecrod$ u$d qcrc sarurden.
_I 
he increase in prl i" rhc.lcdrocoaaularion pn.es accN dN ro rhe atkaliTiion loe$. AsAl- ions wcre.ddedrhe Nrie. sl$1e eacriotr wlllr e place. lvherc hydro:yt io's fom Nlier
hydolrG pmduces A(oll)r md bldrcsen ions lrlcn_ bioarbonare conbined h lhc warcr litl
e.d wnh H ions. The fomarion orCO: qill €Juoe rhe pH for {cat( acid H:Cq. As rhe elftricd
Technoloqi.. ol ilechanioal Enqineeins hdGlry
ctrmd inctoosd, rhc At beconos ore soluble, sdrlE ionsll 6nned isrko grorving ln rhi\
clcdrccoagularior pmce$. rhc fon,arion ol hldrosen gG is d lne carhod!.
I' a,is study. rhe pl I of tbe rmre*irs rcnds rd risc Nnh i'tNsn'! dc tx,c.si',8 rime rnd rhe
eledric .uftnl. The resulrcd pH En8.s tioD 6 7 pH. I her.iore. the longer prdcesing rinE, rl'e
$n€ntriotrofihewavc\ydqNillhercduccdandihevalkolDHsilitndtorisolV!tbunddrat
the b*r $rbinrlion ol rhc pro.cssing lire and ihe elscaical curenr is 90 ninures atrd 1 2.5 A,
respccr ively. l his cobimtio tr will result in rpH ol7.l.
The b€i rc$lrs in rh. incGase ir tH rhar occurs in nmng curenb to + 2 5 ptue$irgti'neh90
'nindes. 
Thcsc rcaulb aE selecled because Ihe lrong cuftna rol2 5. ptocc$iimeof90 mii es
Flsl liltid of prooessnE tnrc for pl I incro6c
Dffed or rrccsing tin. for roi,l suspmiJed solid (Tss).Toral suspc dcd solid i\ ctrsy ro
recognize s ir physicdly can 6c sccn. Hi3h Tss conccnrariof irr \Yan.*rr.' 
'ncans 
n ls los
qudiry r6rc.Dd poreniially hanntll ro lhc ccosy*c'n rss is .rc .r i.rponaft .equnemena Lr
rhe liccnsin! o l *aicvotci d isposl i' o il€ env irunmenr.
lr is sho*n in rig 4 thd rhe TSS in coal slockpile wdiew.ter is 443 ne,4 and i! G otrt rhe rangc
or {andard ofcoa|vanc*.ter 200 ng{^ Tlre Tss d*reed Epidly u0tilFoched 103 ne/L l9l.
w.lomd lhai the b*r conJirion ol rhc prc!!:sins rnnc dnd clcctical rrcnr ir 120 mi',urcs ain
!2.5A.Especrively. rhiscondnionwillrcsullh.TSSol72nrtt
Fig,l Efiur olproccssinsrime lor'lss deoelse
1he ele$ocoalul ion iudics lcru .ondrded lo clrh,arc drc i',ntrcdcc ol various .xpri'nd{al
parmeler, \r'hich a clccrric c trmnl , nd c!..nolysislimc ir rcdtrcirrs pollurant ti.n uorl do.kpilc
waie$arer. The rcv'lrs indi..lcd $!l the rrestmenr rute iErcscs .s rlf clcdri..: cu enl and
pro@ssnElimc incrascd.ln addition. qe lound lh.r electocoastrlrtion i.chnique could rcd$c thc
Fc rnd Mn conccntarion ds *ell 6 indcasc rhc pH by Binga.o,nbinatior ofclcclricsl ourcnt anJ
Applied Mechrnrs and Mai€ri.I3 Vot.39,
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decreascdusingelecricrLunemol+25Arndprocccsiqltncr20nin e\
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